Abstract. We describe a 57 year old, right handed, English speaking man initially diagnosed with progressive aphasia. Language assessment revealed inconsistent performance in key areas. Expressive language was reduced to a few short, perseverative phrases. Speech was severely apraxic. Primary modes of communication included gesture, pointing, gaze, physical touch and leading. Responses were 100% accurate when he was provided with written words, with random or inaccurate responses for strictly auditory/verbal input. When instructions to subsequent neuropsychological tests were written instead of spoken, performance improved markedly. A comprehensive audiology assessment revealed no hearing impairment. Neuroimaging was unremarkable. Neurobehavioral evaluation utilizing written input led to diagnoses of word deafness and frontotemporal dementia, resulting in very different management. We highlight the need for alternative modes of language input for assessment and treatment of patients with language comprehension symptoms.
Introduction
Word deafness is characterized by the inability to comprehend and reproduce speech in spite of an apparently functional auditory system. Patients may retain other aspects of language processing such as reading, writing, and spontaneous speech, suggesting that there may be some problem mapping auditory language input to stored lexicon [1] [2] [3] . There is disagreement regarding the relevant cognitive and neurophysiologic mechanisms involved. Functionally, the temporal analysis of speech has been implicated by some researchers [4, 5] , while others have suggested that the phonetic anal-ysis of speech is affected [6, 7] . Bilateral lesions of the temporal lobe [8] [9] [10] as well as unilateral lesions of the left posterior temporal lobe [11, 12] have been cited. This discrepancy in presumed underlying mechanisms may suggest different types of word deafness, degrees of impairment, or word deafness as a symptom complex rather than pure word deafness in isolation of other related impairments [13] [14] [15] . Functionally, word deafness can potentially confound clinical assessment and rehabilitation by limiting accurate communication [16, 17] . Non-auditory language input (i.e., written words, pictures or symbols) offers an alternative route with which to bypass impaired auditory comprehension in cases where visual understanding of language remains intact.
The use of augmentative and alternative communication (AAC) is well established as an intervention strategy for patients with speech and language impairments resulting from amyotrophic lateral sclerosis, traumatic brain injury, chronic aphasia, and primary progressive aphasia [18] [19] [20] . AAC approaches range from picture or photo arrays to adapted computers with a variety of complex language and access technologies. Although AAC is primarily characterized as a means for language expression, it can be considered as a language input technique [21] . Augmented input refers to a technique whereby a conversational partner assists with comprehension by providing written or picture support to the language impaired individual [22, 23] . This technique is particularly useful for patients with suspected deficits in auditory comprehension or language processing [24] .
Case report
A 57 year old right handed, English speaking man, with a bachelor's degree in music, had his first neurological evaluation for a degenerative disorder at age 53. His symptoms began 6 months earlier and consisted of difficulty understanding speech, word finding problems, and behavioral changes. His wife reported that he would go up to strangers and shake their hands, and often struggled with language comprehension. He exhibited problems managing his piano repair business, and lost interest in piano playing and music. On testing, he was fully oriented and scored a 26/30 on the Mini-Mental State Examination. He had significant language deficits in confrontation naming and verbal fluency, repetition, and comprehension. MRI did not show any atrophy. A diagnosis of possible frontotemporal dementia with behavioral symptoms and primary progressive aphasia (PPA) was made by his treating neurologist.
Two years later, still carrying a diagnosis of PPA, he was referred to our study on AAC intervention for PPA. At that time, he completed a battery of language and cognitive assessments, and results did not fit into a classic symptom complex. Table 1 displays test scores. Confrontation naming tasks resulted in relatively good performance, whereas word recognition and comprehension tasks resulted in exceptionally poor performance. Low scores were obtained on oral agility and repetition, which was consistent with the apraxia of speech often observed in individuals with progressive aphasia [25] . Intelligible expressive language was characterized by a few short, perseverative phrases most frequently displayed during stereotyped and well rehearsed social interaction, such as greetings, "Hello, I'm fine." and expressions of spousal affection, "I love you." All other spontaneous speech was severely apraxic resulting in monotone and mumbled delivery. Spontaneous connected speech was 90% unintelligible. His primary modes of communication included gesture, pointing, gaze, physical touch and leading.
As part of the study protocol, a picture-based communication board was designed for him. The board included 16 picture + word items about sports, a subject of continuing interest, mounted on 11 × 17 inch laminated cardboard. He was taught how to incorporate the customized communication board into a structured conversation. He participated in a trial conversation using a question and answer format designed to elicit pointing or speech. He failed to answer ten questions correctly, though he remained very engaged in conversation. Examination of his pointing and writing revealed that he was linking pictures from the same semantic network. For instance, he matched pictures of professional baseball players with a picture of their stadium via pointing, and then listed players under stadium headings using pencil and paper, suggesting relatively intact semantic processing. This was significant since his performance on a formal test of semantic linking was inconclusive (Pyramids and Palm Trees, 37/52). In retrospect, it is possible that task expectations during formal testing were unclear since all directions were provided verbally at that time. Formal assessment of written language was not attempted since it was not included in our PPA study assessment protocol.
At this point a new communication strategy was introduced based on his clear attempts to connect items on the board. His conversant wrote down simple yes/no questions and asked him to respond. He answered 5/5 questions correctly without hesitation. Written instructions were then provided for communication board training. Targeted board use increased immediately to 100% accuracy in structured conversation.
He was referred for a full audiologic examination, including tympanic membrane mobility, behavioral response to pure tones, otoacoustic emissions, voice recognition, word recognition, and measures of auditory brainstem response. This assessment revealed an intact auditory system with moderate hearing loss noted at high frequencies and severe impairment for word recognition. He pointed correctly to only 1/12 pictures following a voice prompt at 85 dB. This suggests that his inability to respond appropriately to repetition tasks during the formal cognitive and language testing was compromised by word deafness, and not solely due to aphasia and speech apraxia as expected initially. However, word deafness and apraxia do not explain his performance on the functional reading subtest of the Reading Comprehension Battery for Aphasia (6/10).
Since it became clear that the subject did not meet diagnostic criteria for one of the typical PPA syndromes [26, 27] , he was excused from participation in our study. In light of his accurate responses using augmented input, he was referred to a behavioral neurologist for evaluation. The consultation was conducted using written input in an effort to more accurately characterize his clinical presentation. Written input produced markedly different testing behavior when compared to spoken input. During his initial assessment, he exhibited very poor performance on tests of oral/verbal agility, sentence completion, auditory word recognition, word fluency, verbal comprehension, and naming tasks, suggesting moderate to severe deficits in these areas. Results on the Neurobehavioral Cognitive Status Exam following written instruction and allowing multiple choice responses, revealed full orientation, intact comprehension of 2-step commands, normal visual naming, near perfect performance on the visual memory task, correct completion of 2 of the 3 visual construction tile designs, and relatively intact mental arithmetic (correct up to 39 divided by 3). Further testing revealed a marked impairment in comprehension of speech, with a concomitant impairment of spontaneous speech, consistent use of yes/no (best when pointing to words on a board), and only mildly abnormal performance on a clock-drawing test. Handwriting was impaired. Overall, results of the neurologic assessment suggest a dementia syndrome with a very marked language disturbance for auditory comprehension as well as expression, likely resulting from frontotemporal degeneration. Based on his conversational behavior with AAC visual supports, as well as the audiologic, neurologic and formal speech-language pathology assessments discussed above, it was determined that he presents clinically with frontotemporal dementia syndrome with aphasia and word deafness.
Discussion
The use of alternative formats for language comprehension to assist with differential diagnosis and management is highlighted in this case of augmented input to a patient exhibiting irregular comprehension. Results of prior neurological evaluations, language and cognitive tests, as well as observations of functional communication output using an AAC system were equivocal. When examiners used standard spoken instructions, he appeared to present with a severe cognitive dysfunction because his performance on some tests was compromised by his inability to comprehend auditory directions. The introduction of written messages supported full orientation, task comprehension, conversational turn-taking and participation in neurobehavioral assessment. When the neurologist presented all stimuli in the written mode as augmented input with AAC visual supports, he could complete the evaluation successfully. In this case, the use of written instruction during audiologic and neurologic evaluation proved to be critical for accurate diagnosis and highlighted areas of intact cognition. Clinically, written input strategies have been successfully implemented with key communication partners at home and in his supported living environment to enhance comprehension and participation. His spouse and care staff have been taught to write things down as AAC input during social communication, listing daily activities, choosing sporting events to watch on television, meals, and medical decision-making. This case illustrates the effectiveness of augmented input during assessment as well as future medical management and family communication when a patient presents with inconsistent language comprehension.
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